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Abstract
Purpose: Oscillatory potentials have been suggested to arise from the inner retina at the level of amacrine cells and inner plexiform
layer and they are thought to provide a non-invasive assessment of inner retinal function. We sought to investigate the response dynamics
of the inner retina of adult emmetropes and myopes by analysing the oscillatory potentials of the multifocal electroretinogram (mfERG)
in these groups.
Methods: Eleven emmetropes and 18 myopes underwent mfERG testing using VERIS 5.1.5X. Myopes were further separated based
on whether their myopia was stable (n D 9) or progressing (n D 9). Oscillatory potentials were recorded using a modiWed mfERG stimula-
tion technique, the slow Xash paradigm, and they were extracted using band-pass Wltering from 100 to 300 Hz. The slow Xash mfERG
stimulus array consisted of 103-scaled hexagons and Xickered according to a pseudorandom binary m-sequence (213–1). Amplitudes and
implicit times of the Wrst-order oscillatory potentials were analysed.
Results: There were signiWcant diVerences in the implicit time of the oscillatory potentials of the emmetropes, stable myopes and pro-
gressing myopes (F2,25 D 3.663, p D 0.043). Progressing myopes had signiWcantly shorter implicit times compared to emmetropes (p D 0.026
by 1.0–4.7 ms) and stable myopes (p D 0.043 by 0.8–1.3 ms), whereas implicit times of stable myopes and emmetropes were similar. There
were no statistically signiWcant diVerences in amplitude of the oscillatory potentials between the groups (F2,25 D 0.890, p D 0.426).
Conclusions: SigniWcant diVerences in multifocal oscillatory potentials between stable and progressing myopes were found. This Wnd-
ing is further evidence of an inner retinal involvement in human myopia progression and may suggest an underlying alteration to dopami-
nergic or GABAergic retinal systems.
© 2006 Elsevier Ltd. All rights reserved.
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Oscillatory potentials (OPs) of the conventional full-Weld
electroretinogram (ERG) are high frequency components
that are superimposed on the ascending phase of the b-
wave (Karwoski & Kawasaki, 1991; Wachtmeister, 1998).
These small amplitude, rhythmic wavelets are believed to be
generated by contributions from the inner retina and it has
been suggested that their assessment can provide a non-
invasive, in vivo evaluation of inner retinal function
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doi:10.1016/j.visres.2006.07.033(Wachtmeister, 1998). While their exact cellular origins
have not been elucidated, studies using pharmacological
agents and cases of inner retinal disease have led to a better
understanding of the retinal mechanisms that underlie the
generation of OPs. Based on the current theory, OPs are
thought to arise from the inner retina at the level of ama-
crine cells and/or the inner plexiform layer and are gener-
ated by the neural interactions between the bipolar cells,
amacrine cells, and ganglion cells; an origin within the
bipolar cells has also been postulated (Heynen, Wachtmei-
ster, & van Norren, 1985; Wachtmeister, 1998; Wachtmei-
ster & Dowling, 1978). More speciWcally, OPs are thought
to reXect the inhibitory feedback circuitry initiated by the
amacrine cells, such as those involving the dopaminergic,
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(Dong, Agey, & Hare, 2004; Hare & Ton, 2002; Rangasw-
amy, Hood, & Frishman, 2003; Wachtmeister, 1980, 1981,
1998).
The use of OPs has been applied to a number of retinal
diseases to study functional abnormalities of the retina
(Wachtmeister, 1998). In studies of diabetic retinopathy,
OPs have long been established as a sensitive indicator of
retinal dysfunction associated with the disease process
(Bresnick & Palta, 1987; Bresnick, Korth, Groo, & Palta,
1984; Holopigian, Seiple, Lorenzo, & Carr, 1992; Shirao,
Okumura, Ohta, & Kawasaki, 1991; Tzekov & Arden,
1999; Yoshida, Kojima, Ogasawara, & Ishiko, 1991). Alter-
ations in OP implicit time and/or amplitude have been
shown to occur in absence of any clinical signs of diabetic
retinopathy; once the retinopathy is present, they can even
predict the progression of further retinal changes (Bresnick
et al., 1984; Simonsen, 1980). More recently, the develop-
ment of the multifocal electroretinogram (mfERG) (Bearse
& Sutter, 1996; Sutter & Tran, 1992) has allowed OPs to be
examined at multiple retinal locations in studies of diabetes
mellitus (Bearse et al., 2004; Kurtenbach, Langrova, &
Zrenner, 2000; Onozu & Yamamoto, 2003), where there is
an added advantage of studying the regional variations of
OPs and determining whether changes in OPs correspond
to retinal sites of retinopathy or not. Multifocal OPs have
also been applied clinically to study inner retinal function
in normal ageing (Kurtenbach & Weiss, 2002), and in
patients with hydroxycholoroquine retinopathy (Tzekov,
Serrato, & Marmor, 2004), congenital stationary night
blindness (Schuster et al., 2004) and glaucoma (Fortune
et al., 2003; Rangaswamy, Zhou, Harwerth, & Frishman,
2006). In these studies, OPs have been observed to be
reduced and delayed in many patients without signs of
hydroxychloroquine toxicity (Tzekov et al., 2004) or dia-
betic retinopathy (Bearse et al., 2004; Kurtenbach et al.,
2000). This suggests OPs are a sensitive index that reXects
an alteration of inner retinal sensitivity that may be
explained by impaired rod–cone interactions (Bearse,
Shimada, & Sutter, 2000; Wu & Sutter, 1995).
Given the evidence that OPs are a sensitive index of
inner retinal function, investigations of OPs in individuals
with myopia should reveal useful information on the reti-
nal-mediated mechanisms of myopia development. So far
studies of OPs derived from Xash ERGs in myopia have
been limited to animal models, where Fujikado, Hosohata,
and Omoto (1996) found that OP amplitudes were attenu-
ated in chick eyes with longer axial length, suggesting
altered inner retinal function of these form deprived, myo-
pic eyes. OPs have also been found to diVer between chick
eyes with form-deprivation myopia and lens-induced myo-
pia (Fujikado, Kawasaki, Suzuki, Ohmi, & Tano, 1997).
Fujikado et al. (1997) found that Xash ERG OPs were sig-
niWcantly reduced in form-deprivation myopia compared
to lens-induced myopia, while a- and b-waves for the two
types of myopia were similar. Other evidence of inner reti-
nal involvement in the development of myopia has comefrom animal studies which have identiWed several transmit-
ters and alterations to gene expression that are thought to
be involved in the regulation of eye growth (i.e., dopamine,
ZENK-glucagon, Pax-6 expression, and serotonin). Many
of these signals originate from the inner retina and these
substances are known to be involved in amacrine cell and
ganglion cell processing (Bhat, Rayner, Chau, & Ariyasu,
2004; Bitzer & SchaeVel, 2004; Morgan, 2003; Rymer &
Wildsoet, 2005).
As information on inner retinal function in human myo-
pic eyes using electrophysiological techniques is limited, the
aim of this study was to investigate the characteristics of
inner retinal function in myopia and compare multifocal
OPs measured with the slow Xash mfERG paradigm in
adult myopes and emmetropes. We have previously used
the same paradigm to study the late response components
of the Wrst-order slow Xash responses in myopia (Chen,
Brown, & Schmid, 2006b). This current paper focussed on
the OPs. We speculated that characteristics of the OPs may
be a parameter of retinal function that diVerentiated myo-




Twenty-nine subjects (11 emmetropes and 18 myopes) aged 18–30
years participated in the study. First-order slow Xash response data of the
twenty-six subjects was published in Chen et al. (2006b) and their original
data included and reanalysed here. Readers are directed to the study of
Chen et al. (2006b) for the analysis of the Wrst-order components of the
slow Xash response. Inclusion and exclusion criteria, classiWcation of sub-
jects into refractive errors groups, determination of myopia progression
rate and axial length measurement technique were as described in Chen
et al. (2006b). Mean spherical refractive errors of the subjects ranged from
plano to ¡9.50 D. The mean age of emmetropes and myopes was
21.1 § 1.9 and 20.8 § 2.9 years, respectively. The axial length of subjects
ranged from 21.78 to 27.00 mm. The study was conducted in accordance
with the tenets of the Declaration of Helsinki and the requirements of the
Queensland University of Technology Human Research Ethics Commit-
tee. Informed consent was obtained from the subjects after explanation of
the nature of the study and possible consequences of participation.
2.2. MfERG measurements
MfERG stimulation was performed with the Visual Evoked Response
Imaging System (VERIS 5.1.5£ refractor/camera system, Electro-Diag-
nostic Imaging Inc., Redwood City, CA, USA) using the slow Xash
mfERG paradigm as previously described (Chen et al., 2006b). The refrac-
tor/camera unit was used for refractive correction and to monitor eye
movements and Wxation stability during recordings. Responses were
recorded on right eyes following pupil dilatation, using the Dawson–
Trick–Litzkow (DTL) thread electrode. The slow Xash mfERG stimulus
array consisted of 103 hexagons scaled with eccentricity (stretch factor,
10.46). Each hexagon was temporally modulated between black (<2 cd/m2)
and white (200 cd/m2) according to a pseudorandom binary m-sequence
(213–1 steps in length). As a relatively long Xash interval is required for reli-
able recordings of OPs, the stimulation sequence was slowed by inserting
three dark frames such that each step in the m-sequence was four frames in
length (53.3 ms). Each session of recording took approximately seven
minutes to complete and was divided into 16 equal segments for subject
comfort (each of 27 s duration). Two complete mfERG recordings were
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Wltered between 100 and 300 Hz, sampled every 0.833 ms and ampliWed
(100,000£ Grass ampliWer). The Wrst 80 ms epoch was analysed after two
iterations of artefact removal and of spatial averaging (17%) as recom-
mended in the VERIS Science 5.1.5£ Manual. Performing two iterations
of artefact removal here may potentially result in lower amplitudes com-
pared to a single iteration of artefact rejection as recommended in the
Guidelines for basic multifocal electroretinography (mfERG) (Marmor
et al., 2003).
With band-pass Wltering from 100 to 300 Hz, the OPs consisted of
three wavelets (OP1, OP2, and OP3) and the amplitude and implicit time
of each respective OP were determined (Fig. 1). Amplitudes were mea-
sured using the response density scaled regional averages and scaled in
nV/deg2 which reXects the angular size (deg2) of the stimulus hexagons
that produced the response. Implicit time was measured from stimulus
onset to the prominent response peak. OPs were grouped into Wve con-
centric rings as a function of increasing retinal eccentricity (Fig. 2A) or
into nasal and temporal hemiWelds (Fig. 2B). The additional nasal–tem-
poral hemiWeld analysis was undertaken due to the known nasal–tem-
poral asymmetry in OPs (Bearse et al., 2000; Kurtenbach et al., 2000;
Rangaswamy et al., 2003, 2006).
2.3. Statistical analysis
Statistical analysis of the data was conducted using the Statistical
Packages for the Social Sciences (SPSS 14.0.1). To determine if there were
diVerences in OP responses between emmetropes and myopes, we per-
formed repeated measures analysis of covariance (ANCOVA), with axial
length as a covariate. For a detailed description of the use and rationale of
ANCOVA please refer to our previous reports (Chen, Brown, & Schmid,
2006a; Chen et al., 2006b).
Fig. 1. Typical OPs extracted with band-pass Wltering of 100–300 Hz in a
representative (emmetropic) subject. Three distinct wavelets (OP1, OP2,
and OP3) could be identiWed. These OPs are thought to arise from the
amacrine cells and the inner plexiform layer (Wachtmeister, 1998).3. Results
The average refractive error of the emmetropes and myo-
pes was 0.02§0.37D and ¡4.62§2.61 D, respectively, with
corresponding axial lengths of 23.46§0.70 mm and
25.37§0.93 mm. Myopes had signiWcantly greater refractive
error (t27 D5.820, p < 0.0005) and axial length (t27 D¡5.872,
p <0.0005) than the control emmetropic group. There were
no signiWcant diVerences in the average degree of myopia
(SM, ¡5.10§2.91D vs PM: ¡4.14§2.35 D; t16 D¡0.769,
pD0.453) and axial length (SM, 25.56§1.04 mm vs PM:
25.19§0.83 mm; t16 D0.828, pD0.420) of the stable myopes
(SM) and progressing myopes (PM).
3.1. OP amplitudes and implicit times
Using band-pass Wltering from 100 to 300 Hz, OPs con-
sisted of three wavelets (OP1–OP3). OPs were distinctly
identiWed in retinal areas covered by ring 2–5 and less con-
spicuous in the foveal region (ring 1). This is consistent with
previous studies which have found multifocal OPs to be
more prominent from approximately 17 to 20° eccentricity,
with less pronounced foveal responses (Kurtenbach et al.,
2000; Rangaswamy et al., 2006). There was a signiWcant
interaction between OPs and retinal location, i.e., OPs were
not uniform across the retinal area examined and the
amplitude generally decreased with increasing retinal
eccentricity (F1,26 D 82.164, p < 0.005). The variation of OP
implicit time with eccentricity was not statistically signiW-
cant (F1,26 D 0.451, p D 0.508), however, there was a trend
towards decreasing implicit time with increasing eccentric-
ity by approximately 3 ms from ring 1 to ring 5 (OP1,
16–13 ms; OP2, 25.2–22.2 ms; OP3, 33.4–30.2 ms).
3.2. OP responses of emmetropes and myopes
OP1–OP3 responses of emmetropes and myopes were of
similar amplitudes (F1,26 D 0.565, p D 0.460). There were no
statistically signiWcant diVerences in OP implicit times
between the two refractive error groups (F1,26 D 3.635,
p D 0.070), though there was a trend for shorter implicit
times in the myopes. When myopes were separated into
stable and progressing myopes, there were statisticallyFig. 2. A schematic diagram of the 103 hexagonal stimulus array used to elicit the mfERG responses. Responses across the retina were grouped into Wve
concentric rings of increasing retinal eccentricity (A) or nasal–temporal hemiWelds (B) for data analysis. The response from the central hexagon in the
nasal–temporal hemiWeld analysis was excluded.
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tropes, stable myopes and progressing myopes
(F2,25 D 3.663, p D 0.043). Bonferroni-corrected post hoc
comparisons revealed that diVerences between progressing
myopes and emmetropes were statistically signiWcant
(p D 0.026) and so were the diVerences between stable myo-
pes and progressing myopes (p D 0.043). The most promi-
nent implicit time diVerences between the groups were for
OP2 and OP3 responses, where implicit time of progressing
myopes was shorter, both compared to that of the emme-
tropes (by  1–4.7 ms) and the stable myopes (by 0.8–
1.3 ms) (Table 1). The implicit time diVerences between thegroups are depicted in Fig. 3 which shows the OPs as a
function of retinal eccentricity. Implicit time measures of
stable myopes and emmetropes were similar (p D 0.381;
Table 1). There were no statistically signiWcant diVerences
in OP amplitudes between the groups (F2,25 D 0.890,
p D 0.426; Table 2).
Consistent with the previously reported nasal–temporal
asymmetry in OPs (Bearse et al., 2000; Kurtenbach et al.,
2000; Rangaswamy et al., 2003, 2006), when the nasal–tem-
poral hemiWeld analysis method was used, temporal OP
amplitudes were signiWcantly greater compared to those of
the nasal hemiWeld (F1,26 D 5.535, p D 0.027). Findings of OPTable 1
OP implicit times (mean § SE) of emmetropes (EMM), stable myopes (SM) and progressing myopes (PM)
Means of amplitude and implicit time were adjusted for the eVect of axial length and provided by estimated marginal means in ANCOVA. There were no
statistically signiWcant diVerences between EMM and SM.
a Statistically signiWcant at p < 0.05, contrast analysis, between EMM and PM.
b Statistically signiWcant at p < 0.05, contrast analysis, between SM and PM.
Ring number OP1 Implicit time (ms) OP2 Implicit time (ms) OP3 Implicit time (ms)
EMM SM PM EMM SM PM EMM SM PM
1 15.9 § 0.9 16.5 § 0.9 15.7 § 0.7 26.8 § 1.0a 25.0 § 0.9 23.8 § 0.8 36.2 § 0.9a 32.6 § 0.8 31.5 § 0.7
2 15.5 § 0.5 14.9 § 0.5 14.7 § 0.4 25.6 § 0.7a 23.7 § 0.7b 23.8 § 0.6 33.3 § 0.5a 32.7 § 0.5b 31.8 § 0.4
3 14.3 § 0.5 14.2 § 0.5 13.7 § 0.4 23.4 § 0.6 23.4 § 0.5 22.8 § 0.5 31.6 § 0.4a 31.1 § 0.4b 30.4 § 0.3
4 14.0 § 0.3a 13.9 § 0.3b 12.9 § 0.3 23.0 § 0.5a 23.0 § 0.4b 21.7 § 0.4 31.2 § 0.4a 30.8 § 0.4b 30.0 § 0.3
5 12.8 § 0.5 13.6 § 0.5 12.7 § 0.4 22.6 § 0.5a 22.5 § 0.5b 21.4 § 0.4 30.6 § 0.4a 30.5 § 0.4bs 29.6 § 0.3Fig. 3. Normalised oscillatory responses of emmetropes (EMM), stable myopes (SM) and progressing myopes (PM) as a function of retinal eccentricity
(ring 1–5). Implicit times of oscillatory responses of PMs were signiWcantly shorter compared to those of EMM and SM at all locations, with the most
prominent diVerences for OP2 and OP3 responses. Statistically signiWcant diVerences (p < 0.05) are denoted by asterisks.
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and progressing myopes were also observed in this analysis
method (F2,25 D 4.681, p D 0.020). Progressing myopes had
signiWcantly shorter implicit times than the stable myopes
(p D 0.011) and emmetropes (p D 0.050) (Fig. 4). The diVer-
ence in implicit times was statistically signiWcant for all
three OPs both for the comparison between progressing
and stable myopes (OP1, 1.6 ms; OP2, 1.5 ms; OP3, 1.1 ms),
and the comparison of progressing myopes with emme-
tropes (OP1, 1.0 ms; OP2, 1.5 ms; OP3, 1.5 ms). There were
no statistically signiWcant diVerences in OP amplitudes
between the groups (F2,25 D 0.453, p D 0.641).
4. Discussion
While there is strong evidence that the retina is the source
of growth-regulating signals and plays a critical role in the
development of myopia and the associated ocular elongation
(Wallman, 1993; Wallman & Winawer, 2004), the exact sites
involved in the retinal-mediated mechanisms of myopia
development are not clear. Dissecting the retinal involvement
in eye growth regulation and myopia development to speciWc
retinal layer/s would therefore be useful in targeting the likely
modiWable sites for myopia control treatments. We havedocumented through our previous investigations using the
mfERG technique (Chen et al., 2006a, 2006b) that myopic
eyes show distinct features of outer retinal function, such as
reduced and delayed responses when compared to emmetro-
pic eyes and this is consistent with Wndings of other electro-
physiological reports in myopia (Chan & Mohidin, 2003;
Flitcroft, Adams, Robson, & Holder, 2005; Kawabata &
Adachi-Usami, 1997; Pallin, 1969). Thus far electrophysio-
logical studies that attempted to provide an insight into the
inner retinal contributions to myopia development have been
limited to animal models (Fujikado et al., 1996, 1997); data
on human myopia have only recently emerged (Chan &
Mohidin, 2003; Chen, Brown, & Schmid, 2006c; Yoshii et al.,
2002). Our current study thus adds to this limited knowledge
base of possible inner retinal mechanisms of myopia develop-
ment by assessing multifocal OPs in human physiological
myopia.
The exact intraretinal sites from which OPs originate are
currently unknown but the inner retina is considered to be
involved in the generation of OPs (Wachtmeister, 1998). It
has even been suggested that individual OPs may arise from
diVerent retinal cellular generators (el Azazi & Wachtmei-
ster, 1990; Kurtenbach et al., 2000; Marmor et al., 1988;
Wachtmeister, 1998). Pharmacological evidence shows thatTable 2
OP amplitudes (mean § SE) of emmetropes (EMM), stable myopes (SM) and progressing myopes (PM)
Means of amplitude and implicit time were adjusted for the eVect of axial length and provided by estimated marginal means in ANCOVA.
Ring number OP1 Amplitude (nV/deg
2) OP2 Amplitude (nV/deg
2) OP3 Amplitude (nV/deg
2)
EMM SM PM EMM SM PM EMM SM PM
1 1.5 § 0.2 1.5 § 0.2 1.6 § 0.1 2.0 § 0.3 1.5 § 0.3 1.3 § 0.2 3.0 § 0.3 1.3 § 0.2 1.5 § 0.2
2 1.1 § 0.2 1.5 § 0.2 1.1 § 0.1 1.4 § 0.3 1.8 § 0.3 1.7 § 0.3 2.5 § 0.4 1.7 § 0.3 2.3 § 0.3
3 1.2 § 0.1 1.2 § 0.1 1.0 § 0.1 1.7 § 0.3 2.1 § 0.3 1.8 § 0.3 4.0 § 0.5 1.8 § 0.3 3.3 § 0.4
4 0.9 § 0.1 0.8 § 0.1 0.7 § 0.1 1.3 § 0.2 1.8 § 0.2 1.6 § 0.2 3.8 § 0.5 1.6 § 0.2 3.0 § 0.4
5 0.8 § 0.1 0.4 § 0.1 0.5 § 0.1 1.2 § 0.2 1.1 § 0.1 1.1 § 0.1 2.7 § 0.3 1.1 § 0.1 2.2 § 0.3Fig. 4. Oscillatory responses of emmetropes (EMM), stable myopes (SM) and progressing myopes (PM) based on retinal hemiWeld (nasal–temporal) anal-
yses. Consistent with the results in Fig. 3, implicit times of oscillatory responses of PMs were signiWcantly shorter compared to those of EMM and SM in
both hemiWelds. Statistically signiWcant diVerences (p < 0.05) are denoted by asterisks.
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interplexiform cells (Dowling & Ehinger, 1975; Marmor
et al., 1988; Wachtmeister, 1981, 1998). Amacrine cells are
known to be involved in initiating a series of neuronal
events that underlie the generation of OPs, particularly the
initiation of the inhibitory feedback pathways involving
dopaminergic, GABAergic, and glycine-mediated systems
(Wachtmeister, 1998).
We found that myopes whose myopia was progressing
had OPs with signiWcantly shorter implicit times compared
to those of stable myopes and emmetropes; this suggests
that this change is involved in myopia progression and not
just the presence of myopia or a larger eye per se. These
diVerences were observed at all retinal eccentricity locations
and in both retinal hemiWelds, further supporting the idea
that it is not just the foveal retinal activity but also that of
the surrounding peri-foveal area that is important in eye
growth. The most prominent implicit time diVerences
between the groups were for OP2 and OP3 responses; it is
not clear how the diVerent components of the OPs diVer
and what the relative diVerences in implicit times of speciWc
components of the OPs may suggest. There is, however, the
suggestion that individual OPs may arise from diVerent ret-
inal cellular generators (el Azazi & Wachtmeister, 1990;
Kurtenbach et al., 2000; Marmor et al., 1988; Wachtmei-
ster, 1998); it is possible that response diVerences of these
speciWc retinal cellular generators contribute the develop-
ment of myopia. Further work, therefore, is required to
study how the individual OPs relate to each other and their
respective underlying cellular contribution.
Most of the available data on OPs has been limited to
the amplitude of the oscillatory response. The exact phys-
iological basis for this distinct retinal oscillatory
response timing diVerence is not clear and remains specu-
lative. Our Wndings may reXect an alteration of inner reti-
nal function at the level of amacrine cells and inner
nuclear and plexiform layers in progressing myopes.
However, alterations to photoreceptor or bipolar cell
responses in the more distal layers of the retina could
also have contributed to the alteration of the multifocal
OP response, as the inputs from photoreceptors and
bipolar cells are fed into the amacrine cells. Indeed our
previous reports using the conventional mfERG and
slow Xash mfERG paradigms have shown that retinal
responses in myopes were distinctly diVerent from those
of emmetropes (Chen et al., 2006a, 2006b). These retinal
responses evoked by the conventional mfERG and slow
Xash mfERG predominantly originate from the distal
layers with a smaller contribution from the inner retina
(Hare & Ton, 2002; Hood, 2000; Hood, Seiple, Holopigian,
& Greenstein, 1997; Hood, Frishman, Saszik, & Viswanathan,
2002; Horiguchi, Suzuki, Kondo, Tanikawa, & Miyake,
1998). In animal models, there is certainly evidence to
suggest that outer retinal layers such as the photoreceptors
(Beresford, Crewther, & Crewther, 1998; Crewther, 2000;
Liang, Crewther, Crewther, & Barila, 1995; Westbrook,
Crewther, & Crewther, 1999) and the retinal pigmentepithelium (Rymer & Wildsoet, 2005) may be involved in
eye growth processes.
At a deeper cellular level, there is evidence to suggest that
the OPs not only reXect inner retinal function but also synap-
tic activities in the inhibitory feedback circuits initiated by
the dopaminergic neurons of amacrine cells (Marmor et al.,
1988; Wachtmeister, 1981). Dopamine has been suggested to
be involved in the generation of OPs in many studies
(Marmor et al., 1988; Wachtmeister, 1981, 1998, 1978). OPs
can be selectively modiWed using drugs that aVect the dopa-
minergic system (i.e., reserpine, haloperidol, and levodopa)
(Bartel et al., 1990; Hempel, 1972/73; Wachtmeister, 1981;
Wachtmeister & Dowling, 1978); they have also been sug-
gested as a marker for dopaminergic diseases (Marmor et al.,
1988). It must be, however, pointed out that the dopamine
induced changes in OPs were mostly related to the ampli-
tudes rather than implicit times of the response. We speculate
that the oscillatory responses measured in the progressing
myopes are related to an alteration of the dopaminergic sys-
tem as dopamine levels are known to be down-regulated in
form-deprivation myopia (Megaw, Morgan, & Boelen, 1997;
Pendrak et al., 1997; Stone, Laties, & Iuvone, 1989; Stone
et al., 2006). Furthermore, dopamine agonists have been
shown to inhibit myopia development (Rohrer, Spira, &
Stell, 1993; Schmid & Wildsoet, 2004). If the level of dopa-
mine is altered in progressing myopic subjects, we would
expect this to inXuence the measured multifocal oscillatory
responses. The reduced level of dopamine could potentially
lower the inhibitory synapses of amacrine and ganglion cells,
resulting in the shorter implicit times observed in this study.
This is, however, supposition on our part and the role of
dopamine on OPs in myopic eyes needs further investigation.
As there is the suggestion that GABAergic neurons may also
be involved in the generation of OPs (Möller & Eysteinsson,
2003; Wachtmeister, 1980, 1998), and some evidence for
involvement of GABAergic systems in myopia development
(Schmid et al., 2004; Stone et al., 2003), further studies in this
area are also required.
5. Conclusions
We investigated the dynamics of inner retinal function in
myopia by analysing the oscillatory potentials of the multifo-
cal electroretinogram. SigniWcant diVerences in the implicit
time of multifocal oscillatory responses measured in stable
myopes and progressing myopes were found. This data sug-
gest potential involvement of the dopaminergic retinal system
that generates the OP responses in the progression of myopia.
Further studies are required to study the role of this system
that has been implicated in the development of myopia.
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